Fusarium graminearum is a fungus frequently isolated from cereal grains. In this study, the histopathological effects of dietary F. graminearum on rat kidneys were examined. Treated rats and controls were fed F. graminearum-inoculated and noninoculated rice, respectively. After 14 days, all the rats were killed and their kidneys were removed and examined using light microscopy. The kidneys of the rats in the treatment group were characterized by the following histopathological findings: patch-like mononuclear cell infiltrations in the cortex; prominent necrosis of proximal tubules; debris areas containing mononuclear cells and degraded renal tubules; shrunken and densely eosinophilic apoptotic cells in the proximal tubule epithelium; karyorrhexis and mitotic figures in the epithelium of both proximal and distal tubules; and many apoptotic bodies in the areas between the renal tubules. It was concluded that dietary F. graminearum caused inflammation and tubular damage in the rat kidney. This is the first microscopic study showing that F. graminearum ingestion is associated with renal damage.
Introduction
Fusarium species are facultative saprophytic fungi that commonly cause plant diseases. 1 They are common contaminants of grains such as corn and wheat. 2, 3 Members of the genus Fusarium not only cause fungal diseases in crops, but can also present a danger to human and animal health by producing various mycotoxins, 4, 5 and many mycotoxicoses associated with the consumption of Fusariuminfected cereals by people and animals have been reported. 6, 7 One of the Fusarium species, F. moniliforme, has been shown to cause severe hepatic, renal and cerebral lesions in animals fed contaminated corn. 8 Hepatotoxicity and nephrotoxicity, 9 hepatic necrosis and renal tubular nephrosis, 10, 11 and hepatocellular carcinoma and chronic interstitial nephritis 12 have been reported in animals given fumonisin B 1 , a mycotoxin produced by F. moniliforme. Literature concerning the morphological changes caused by the species F. graminearum in mammalian organs is very limited, however. No significant lesions or abnormalities were observed in the kidneys, liver, spleen and heart of pigs fed wheat containing deoxynivalenol (DON), one of the mycotoxins produced by F. graminearum, 13 whereas haematuria, uterine enlargement and death were reported in rats fed F. graminearum-inoculated rice. 14 The most wellknown mycotoxins of F. graminearum are DON, commonly known as vomitoxin, and zearalenone. 15 -18 DON, a toxic trichothecene, causes lymphopaenia in experimental animals, and reproductive problems occur in animals given zearalenone. 17 -19 Recently, it has been reported that F. graminearum also produces T-2 toxin 20 and diacetoxyscirpenol (DAS). 5 T-2 toxin is over 400-fold more toxic than DON, 4 and produces cytotoxic effects by inducing lipid peroxidation via the generation of free radicals. 21 The fungus F. graminearum can produce these toxins both prior to harvest and during storage. 22 Naturally occurring DON in sweetcorn prior to harvest and canning has been reported in the states of Maryland and Delaware in the USA. 23 DON was found to be present in 72.8% of 88 samples collected from different kinds of wheat-based breakfast cereals marketed in Portugal, 24 and in 54 out of a total of 68 Finnish cereal samples. 25 F. graminearum was found in 42% of field samples of winter wheat cultivars collected in Poland, 26 and in 52.12% of 165 corn samples obtained from various silos and storehouses in five provinces throughout the major corn-producing areas in the eastern Black Sea region of Turkey. 27 These data suggest that F. graminearum may be a health risk for humans and animals worldwide. In the present study, we examined the possible harmful effects of F. graminearum on the rat kidney using light microscopy.
Materials and methods

PREPARATION OF CONTAMINATED FEED
An isolate of F. graminearum (ED-40, Plant Protection Laboratory, Faculty of Agriculture, Atatürk University, Turkey) obtained from corn kernels collected from the eastern Black Sea region of Turkey 27 was cultured on an autoclaved rice medium (200 g rice and 120 ml distilled water) in a 1 l flask. This medium was selected because Fusarium isolates produce high levels of mycotoxins when grown in this way. 28 Cultures were incubated at room temperature (24 ºC) for 2 weeks and then transferred to an incubator at 10 ºC for 2 weeks. The inoculated rice grains were dried and ground to the consistency of flour, and then used to feed the rats in the treatment group as described below. 14 
EXPERIMENTAL PROTOCOL
Twelve young adult female Sprague-Dawley rats (200 -250 g each, from Biotechnology Animal Laboratory, Atatürk University, Turkey) were randomly allocated into two groups of six. Rats in the treatment group were fed for 14 days with a 1:1 (volume/volume) mixture of inoculated rice and commercial rat food. Control rats were fed a mixture of noninoculated rice and commercial rat food. The animals were individually housed in stainlesssteel cages under standardized conditions of light (12 h light/dark cycle) and temperature (22 ± 2 ºC), with fresh tap water freely available. After 14 days, the rats were killed by cervical dislocation and their kidneys removed.
This study received ethical approval from the Department of Basic Medical Sciences, Atatürk University, Turkey.
LIGHT MICROSCOPY
The kidneys were sliced through the medulla at an angle perpendicular to the surface of the kidney. The slices were fixed by immersion in 10% neutral buffered formaldehyde 29 for 24 h, dehydrated in a graded ethanol series and embedded in paraffin wax. The paraffin sections (4 -5 µm in thickness) were stained with haematoxylin and eosin and examined using an Olympus BH-2 light microscope.
Results
Histological sections from the kidneys of control rats were normal in appearance. The cortex was characterized by spherical renal corpuscles and the oval or circular profiles of the convoluted tubules of the nephrons. The medulla had a striated appearance caused by the straight tubular segments of the nephrons and the straight collecting ducts. The interstitium, defined as the connective tissue supporting the renal tubules and the blood vessels, was sparse, especially in the cortex (Fig. 1 ). Thus the cortical labyrinths of the control kidneys appeared as parenchymatous areas composed of the proximal and distal convoluted tubules and the renal corpuscles ( Fig. 1) .
In contrast with the controls, the kidneys of the rats fed F. graminearum-inoculated mixture had large amounts of interstitial tissue with patch-like mononuclear cell infiltrations ( Fig. 2) , particularly around the blood vessels ( Fig. 3 ).
In the kidneys from the treatment group, prominent necrosis of the proximal tubules was seen, demonstrated by increased cytoplasmic eosinophilia and disappearance of the cellular outlines and nuclei (Figs 2 and 3) . Moreover, areas of debris, possibly from necrotic 531 E Ozbek, A Ozbek Histopathological effects of F. graminearum on rat kidney Large epithelial cells containing cytoplasmic vacuoles were found in some parts of the proximal tubules in the treatment group (Fig.  4A ). Such cytoplasmic vacuolization occurs during the initial stages of cell injury. In addition, many mitotic figures were seen in both the proximal and the distal tubules of the treatment group (Fig. 4) .
Epithelial cells in both the distal and proximal tubules of treated rats demonstrated karyorrhexis, with the nuclei breaking up into many clumps (Fig. 5 ). This was accompanied by loss of the cytoplasmic content around the nuclear fragments ( Fig. 5B ) and dissolution of the cellular carcass (Fig. 5A ). Figs 4B and 6A ). Many apoptotic bodies were also found in the areas between renal tubules, especially in the region of the mononuclear cell infiltrations (Fig. 6 ).
Discussion
Fusarium graminearum is an important pathogen of small grains and maize in many areas of the world. Fungus-infected grains are often contaminated with mycotoxins harmful to humans and animals. 30 In the present study, we examined the histopathological changes in the kidneys of rats fed F. graminearum-inoculated rice using light microscopy.
In the kidneys of the treatment group, large tubule epithelial cells containing small cytoplasmic vacuoles indicating cellular swelling were seen. Cellular swelling is the first manifestation of almost all forms of cellular injury, and results from a shift of extracellular water into the cell. In toxic situations, cellular swelling occurs due to impairment of the sodium pump mechanism at the cell membrane. If water continues to accumulate within cells, small clear vacuoles appear within the cytoplasm. 31 An increase in cytoplasmic eosinophilia and the disappearance of cellular contours and nuclei were also seen in the proximal tubules of treated animals. Necrotic cells show an increase in eosinophilia, which is attributable in part to the increased binding of eosin to denatured intracytoplasmic proteins. 31 In lethally injured cells, catalytic enzymes derived from the lysosomes of either the dying cells or immigrant leucocytes start digesting the cytoplasmic content, giving the cytoplasm a moth-eaten appearance. 31 This loss of cytoplasmic content was seen in some of the renal tubule cells. As the degradation of the cell progresses, nuclear changes also occur. The nucleus of dying cells becomes shrunken and condensed (pyknotic). With time, the chromatin of pyknotic nuclei undergoes progressive dissolution (karyolysis) or the pyknotic nuclei break up into many clumps (karyorrhexis). Eventually the nuclei disappear. 31 Karyorrhexis, increased cytoplasmic eosinophilia and the loss of cellular outlines and nuclei were seen in the renal tubules of rats fed an F. graminearum-infected diet, which suggests that F. graminearum induces tubular necrosis in the kidneys. Following cell death, cell components are progressively degraded, and debris occurs. 31 Areas of debris, which contained mononuclear leucocytes, were observed in the kidneys of treated rats. The mononuclear cell infiltrations, indicating tissue inflammation, 31 were interpreted as a response to F. graminearuminduced kidney damage in the treatment group. It has been reported that DON and T-2 toxin induce lipid peroxidation by generating free radicals, causing disturbances in the structure of cellular membranes, and reduce the cellular level of glutathione by binding to its sulphhydryl group. 21, 32, 33 These biochemical changes may be responsible for T-2 toxininduced cell injury. 33 The genus Fusarium was one of the most frequently encountered field moulds in the area affected by endemic nephropathy (Balkan kidney disease) in middle Posavinian Yugoslavia. 34 In addition, nephritis, hepatitis and mucocutaneous eruptions have been reported in various animals with fusariotoxicoses, occurring as a result of consumption of feedstuffs containing trichothecenes such as T-2 toxin. 35 Many apoptotic cells and bodies were observed in the kidneys of the treatment group. Fumonisin has been demonstrated to produce the characteristic features of apoptosis or programmed cell death in rat kidneys, including condensation of the nuclear chromatin, shrinkage of the cytoplasm, and formation of apoptotic bodies that can be phagocytosed by macrophages. 36 The trichothecene toxin DON has been shown to induce apoptosis in lymphoid organs in mice, 37 and apoptosis caused by DON and T-2 toxin has been demonstrated in rat liver cells using agarose gel electrophoresis. 33 Internucleosomal DNA fragmentation induced by trichothecene mycotoxins such as T-2 toxin and DAS has been reported in human leukaemia HL-60 cells. 38 These authors demonstrated that T-2 toxin induces apoptosis by activation of caspase 3 and DFF-40/CAD via cytosolic accumulation of cytochrome c and caspase-9 activation. 38 Mitotic figures were encountered in some of the renal tubules in the treatment group. This tubule cell proliferation may indicate an attempt to replace the necrotic and apoptotic cells damaged by the mycotoxins.
In conclusion, dietary F. graminearum was shown to cause inflammation and damage to the tubules in rat kidneys. The results of this study support investigation of the role of F. graminearum in the aetiology of renal diseases that frequently occur in the major cereal grainproducing regions in both humans and animals. 
